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THE MICROFLORA OF HIGH-ALTITUDE 
N .  A .  
XOCi(s AND ITS  NITROGEN-FIXING ACTIVITY 
TXr2s.j 1 'nikov 
(Moscow) 
The rocks of mountain tops are devoid of any vegeta t ion  over vast  spaces. /177*' 
Neither trees nor shrubs nor grassy  vegetation spr ings  up on them, and no t  even 
mosses grow there .  Such rocks seem dead, devoid of l i f e .  
I n  geology and pedology, t he  firm conviction has e x i s t e d  t h a t  t h e  weathering 
and des t ruc t ion  of rocks as t h e  f i r s t  s tage  i n  s o i l  formation proceeds ab io t i -  
c a l l y  under the  e f f e c t  of merely physical and chemical f ac to r s .  
It is  not  q u i t e  t h a t  way, however; t h e  region of naked rock i s  no t  dead. 
D i s t i n c t i v e  and r a t h e r  i n t ens ive  l i f e  -- t h e  l i f e  of lower organisms -- t akes  
p l ace  i n  it. 
A s  e a r l y  as the  l a s t  century, it was noted t h a t  i s o l a t e d  microbe spec ies  
e x i s t  on clumps of s tone  on t h e  summits. Ehrenberg (1854) found diatom a lgae  
on the s lopes  of the  eastern Himalayas a t  an a l t i t u d e  of 2700 meters. A t  g r e a t  
a l t i t u d e s ,  a s t r i k i n g  spec tac l e  may frequently b e  seen: whole f i e l d s  of perman- 
e n t  snow pa in ted  i n  b r i g h t  co lors  -- r e d ,  orange, yellow, green. This colora- 
t i o n  i s  caused by t h e  mass development and accumulation of a l g a e  forming t h e  
corresponding pigments. 
The naked rocks have r ecen t ly  begun t o  attract  t h e  a t t e n t i o n  of microbio- 
l o g i s t s  and pedologists.  
V .  0. Kalinenko (1932), S. V .  Odintsova (1945), and V. 0. Tauson (1948) 
have inves t iga t ed  t h e  rocks of t h e  Pamirs;  M. A. Glazovskiy (1950), t h e  s lopes  
of the Central Tien Shan peaks; B. B. Polynov (1945) and Ye .  ,A .  Yarilova (1947) 
t h e  massive c r y s t a l l i n e  rocks of t he  Ural M t s . ;  and N. A.  Kras i l 'n ikov  (1949), 
t h e  rocks of t h e  high mountain peaks i n  Armenia. 
S tudies  were made of lichen-covered and completely naked rocks. 
Lichen Microflora 
A s u b s t a n t i a l  po r t ion  of t h e  surface of mountain 
e red  wi th  d i f f e r e n t  l i chens  -- c rus tose  and fo l io se .  
grow i n  abundance on many and various clumps of s tone  
i n  both nor thern  and southern l a t i t u d e s .  
Lichens i n  the modern concept represent forms of 
tops is known t o  be  cov- 
These pecu l i a r  organisms 
i n  a l l  geographical zones 
t h e  symbiotic ex is tence  
of two organsims -- fungi and algae.  
a t h i r d  symbiotic pa r tne r  -- an azotobacter -- e n t e r s  i n t o  the  l i chen  composi- 
t i on .  This, however, has no t  been confirmed i n  our subsequent i nves t iga t ions .  
According t o  t h e  f ind ings  of Genkel' (1938), 
*'Note: Numbers i n  t h e  margin i n d i c a t e  pagination i n  o r i g i n a l  fo re ign  text. 
. 
Plncodinm e Icyn n s 
usri ca-jlorii[n 
e .. 
.I + . 
I n  c t r e fu l  microbiological s tud ie s  of a l a r g e  nunber of d i f f e r e n t  l i c h e n  
species co l l ec t ed  i n  d iverse  places i n  t h e  Soviet  Union, w e  d i d  no t  ( i n  1949) 
f i nd  t h e  azotobacter I n  t h e m .  When a r t i t i c i a l l y  lntrOaUCed i n t o  the t h a l l u s ,  
t h i s  microbe quickly d ies .  Yu. A. Khudakova (Imshchenetskaya) (1950) demon- 
s t r a t e d  t h a t  l i chens  have a l e t h a l  e f f e c t  on the  azotobacter.  
Armenia 
The Crirnea-Petri 
Caucasus-Gegrgia 
Georgia A i  
I 
When noting the  l ack  of t h e  azotobacter i n  l ichens ,  w e  a t  t he  same t i m e  
discovered an  enormous number of o the r  spec ies  and groups of b a c t e r i a  and micro- 
b a c t e r i a  there in .  I n  research i n  1949, t ens  of mi l l i ons  of cells were de tec ted  
i n  1 gram of t h e  unt rea ted  m a s s  of l i chens .  
accura te  methods f o r  numerical evaluation, from 60 m i l l i o n  t o  s e v e r a l  b i l l i o n  
cells p e r  gram of r a w  m a s s  were counted i n  l i chcns  from the  v i c i n i t y  of Moscow 
and from t h e  mountains of the  Caucasus and the  C r i m e a  (Table I. 
/178 
I n  subsequent research, using more 
TABLE I. QUANTITY OF MICROBES I N  LICIlENS 
(NUMBER OF CELLS I N  MILLIONS PER GRAM) 
---- - L--.-- 
Lichens i Where 1 T i m e  of 'To t .  No. of 
I I 
, .__ Collected ------ I Co l lec t ion  --- INicrobes ' 
/Moscow Oblast 1 
I 
Gfll I6 
1 so 
The number of microorganisms i n  liclicns vnriics as ;I func t ion  of t he  vi- 
a b i l i t y  of t he  latter: i n  warn1 montlis with s u f f i c i e n t  humidity -- spr ing  and 
e a r l y  autumn -- they are considerably more numerous than i n  a hot dry season; 
there  a r e  a l s o  fewer of them i n  winter than i n  spr ing .  
I n  t h e  summer a f t e r  r a i n s ,  the number of microbes i n  l ichens  rises sharply,  
e.g., i n  Placodium elegans (The Crimea) i n  August i n  the  dry period w e  counted 
from 15 t o  150 mi l l i on  pe r  gram, b u t  after the  r a i n s  w e r e  over (on t h e  5 th  day), 
6 t o  10 b i l l i o n  p e r  gram. It should be noted t h a t ,  even i n  t h e  ho t  dry sum- 
m e r  months when the  l i f e  of l i chens  is slowed down, the  t o t a l  number of microbes 
i n  them i s  very g r e a t  -- t ens  and hundreds of mi l l i ons  of them p e r  gram. 
A s  f o r  t he  methods of ana lys i s ,  i t  must be s t a t e d  t h a t  t h e  g r e a t e s t  num- 
b e r  of b a c t e r i a  appears i n  inoculations onto l i q u i d  media by means of succes- 
s i v e  cu l tu re s .  We have 
used i t  wi th  success i n  studying t h e  microflora of l i chens .  
This method i s  widely employed i n  s o i l  microbiology. 
In i nocu l . a~ lons  onto dcnsc nu t r i en t  media, w e  had thc  l a r g e s t  ind iccs  on 
s t a r v a t i o n  and semi-starva t ion  media (water-agar, Ashby-agar, and Capek-agar 
without n i t rogen  and without carbohydrates) . 
On full-valued agarized media we  counted i n  t h e  P e t r i  d i sh  200-500 colonies 
on meat-infusion agar,  1000-1500 colonies on Capek agar,  15,000-20,000 colonies 
2 
* 
c 
Bacteria Micro- 
cocc i  Lichens 
enous genous 
, 
Micro- Actino- 
bac te r  mycetes 
i a  t 
on Ashby agar, and 20,000-25,000 colonies on water agar. 
C,cb, 2 ~I~oP n r r r n h a r  cf ~ c 1 c ~ - i e -  ci--r~;atie~ z-sdL.@ fF>d reem 2 E)=Pri, 
0- -----_-- 
d i sh  only because these  colonies are very s m a l l .  
i r rv i s ib le  t o  t h e  naked eye, acd they rnust 3e comted  m d e r  a s t rong  loupe (magni- 
f i c a t i o n  of about 100). 
The g r e a t  major i ty  of them are 
I n  spec ies  composition, t h e  l ichen microf lora  is  var ied .  Asporogenous and 
sporogenous b a c t e r i a ,  mycobacteria, actinomycetes, fungi,  and yeas t s  are always 
discovered the re .  
b a c t e r i a  of t h e  genera Pseudomonas and Bacterium, then mycobacteria. There are 
few sporogenous b a c t e r i a  and actinomycetes, and even fewer fung i  and yeas t s .  
Table I1 gives t h e  comparative f igu res  of t h e  group ana lys i s  of l i chens .  
The largest  quant i ty  is  composed of a group of asporogenous 
A c h a r a c t e r i s t i c  f e a t u r e  of t h e  b a c t e r i a l  f l o r a  of l i chens  i s  t h a t  the largej179 
major i ty  of them are auxoautophytes, i .e.,  forms which grow w e l l  on syn the th i c  
avitaminous media and need no addi t iona l  growth substances. They themselves i 
synthes ize  these  substances. Table I11 presen t s  comparative d a t a  on t h e  micro- 
b i o l o g i c a l  ana lys i s  of l i chens  using full-valued (meat-infusion agar) and non- 
full-valued avitaminous media (CP I [chemically pure I]) .  A s  Table 111 shows, 
t h e  number of b a c t e r i a  and microbacteria on t h e  s y n t h e t i c  medium CP I -- where 
t h e  source of nitrogenous nourishment is n i t r a t e s  and small doses of glucose 
(0.1%) are t h e  source of carbon nourishment -- is  about 15-20 t i m e s  g r e a t e r  than 
on meat-infusion agar. 
TABLE 11. GROUP COMPOSITION OF LICHEN MICROORGANISMS 
( I N  THOUSANDS PER GRAM OF R A W  MASS) 
than on p r o t e i n  media. 
The study of b a c t e r i a  and mycobacteria which develop on s y n t h e t i c  media 
has  demonstrated t h a t  they are not  a l l  active producers of b i o t i c s .  
vitamins (B 
They form 
B >, f o l i c  ac id ,  and o ther  compounds which s t i m u l a t e  t h e  growth 1' 2 
of many he te roawot roph ic  b a c t e r i a ,  fungi, and yeas t s ,  as w e l l  as t h e  germina- 
t i o n  of p l a n t  seeds. 
Of p a r t i c u l a r  i n t e r e s t  i s  t h e  group of o l igon i t rophy l l s  i nhab i t ing  t h e  body 
of t h e  l ichens .  
an anitrogenous medium and are ab le  t o  f i x  molecular n i t rogen  (See Below). 
It is  c h a r a c t e r i s t i c  of t hese  organisms t h a t  they grow w e l l  on 
The number of o l igoni t rophyl l s  i n  l i chens  is  counted i n  t ens  and hundreds 
of thousands, and frequently i n  mi l l ions ,  per,  gram, e.g., 
Acnrosporci clrloroplinrin . . . . .  
Acnrosporo nllw . . . . . . . . . .  
Cniidclnricz colrcolor . . . . . . . .  
Cindoiiin nlpcs l r is  . . . . . . . . .  
Clntloriia s F I i w f i c n  . . . . . . . .  
Lan i i o rn  frirsfrrIosn . . . . . . . .  
Lccniiorn nllnplinrin . . . . . . . .  
Psora dpcipiciis, . . . . . . . . . .  
(/sir en f io i idn . . . . . . . . . . .  
Usncci bnrbnto . . . . . . . . . . .  
The quoted l iuncrical  i nd ices  of  thc oliif,oni.L:rophyLls vary as a func t ion  1180 
of e x t e r n a l  conditions -- t he  samc oiics on wliicli clepcnd t h c  development and vi- 
a b i l i t y  of t h e  l i chen  i t s e l f  and of the o t h c r  b a c t c r i a  inhabi t ing  i ts  t h a l l u s .  
Drastic f luc tua t ions  i n  t h e  quantity of o l igon i t rophy l l s  are noted by sea- 
son. 
found 730,000 b a c t e r i a l  cells p e r  gram of raw mass i n  May, 28,000 i n  September, 
and 15,000 i n  February. 
I n  t h e  t h a l l u s  of Cladonia convoluta growing on s tones  near Moscow, we 
Of g r e a t  i n t e r e s t  is  t h e  group of "dwarf1' microbes mentioned above which 
develop on s t a r v a t i o n  and semi-starvation media. 
f a c t  t h a t  they n e i t h e r  grow nor appear on full-valued p r o t e i n  media. They can 
be made t o  appear  only i n  inocu la t ion  onto s y n t h e t i c  media, b u t  t h e i r  growth 
is  very l imi ted .  The colonies o f t en  consist  of a s m a l l  number of cells, and 
t h e  major i ty  of them are i n v i s i b l e  t o  t h e  naked eye. These "dwarf" colonies 
are v i s i b l e  under a s t rong  loupe (100 power).  These organisms are no t  trans- 
p lan ted ,  and do not  grow on a r t i f i c i a l  l abora tory  media. Only a few of them 
can be  inocula ted  fromthe d ish  i n t o  test tubes and kept i n  pure form f o r  some 
t i m e  -- n o t  more than 1-3 subinoculations over 1-1.5 months. W e  t r i e d  t o  cul- 
t u r e  them and t o  preserve them on diverse media, on decoctions and extracts of 
l i chens ,  i n  s ter i le  s o i l ,  and on d i f f e r e n t  s t a r v a t i o n  and semi-starvation media. 
C h a r a c t e r i s t i c  of them i s  t h e  
' The r e s u l t  w a s  negative. Pure cu l tu re s  of these  microbe forms as a r u l e  do 
' no t  grow, o r  grow f o r  a s h o r t  t i m e .  Inmixed  inocula t ions ,  some organisms of 
t h i s  group can grow with complete s a t i s f a c t i o n .  
Because of t h e  lack of growth i n  p u r e  cu l tu re s  on alimentary media, w e  
were unable t o  study the  biology of these microbes. Microscopic study shows, 
4 
. 
however, t-at they € f e r  systematically.  I n  e x t e r n a l  appearance, t h e i r  cells 
are rod-shaped, s m a l l  (1-2 microns by 0.5-0.6 microns) o r  of average s i z e  (2-3 
x 0.6-0.8 micron), mobile and immobile, and asporogenous. 
the t l a g e l l a e  are e i t h e r  po lar  o r  polar (genus Pseudomonas) o r  p e r i t r i c h o u s  
(genus Bacterium). Mycobacteria a r e  of ten  encountered -- twis ted  rods wi th  
c h a r a c t e r i s t i c  i r r e g u l a r  o u t l i n e s .  
I n  the mobile forms, 
1 
Basalt 
Black Tuff 
Red Tuff 
I n  t h e  primary inocula t ion  i n  P e t r i  d i shes ,  microscopic co lonies  are f r e -  
quently found which cons i s t  of very f i n e  granula t ion .  The s i z e  of t h e  ind iv i -  
dual granules o r  bodies varies from the va re ly  v i s i b l e  (0.1) t o  0.5 micron i n  
t h e  cross-section. I n  t h e i r  over all-view, these  organisms are reminscent of 
f i l t r a b l e  forms of v i s i b l e  b a c t e r i a  and mycobacteria. 
subinoculate and do no t  grow on laboratory media; therefore ,  t h e i r  biology has 
They l ikewise  do no t  
. n o t  been s tudied .  
A r m p i a  500 
1 1  100 fin 
From t h e  above i t  is evident t h a t  l i chens  cons i s t  of a g r e a t  v a r i e t y  of 
microbe forms. 
verse b a c t e r i a  i n h a b i t  t h e  l i chen  tha l lu s .  
Besides t h e  symbionts -- fungi  and a lgae  -- huge number of di-  
1 1  
amirs 
r i m e a  
Limestone Under Lichen I '  
(1)-Sporogenous; (2)-As k orogenous Basalt Under Lichen Grani te  L i m e  s t o  ne 
Microflora of Rocks 
12% 
600 
800 
1500 
Free-living microorganisms, i n  addition t o  t h e  microbiological l i c h e n  sym- 
b i o t i c  u n i t s  (koinoses), ;overgrow t h e  sur faces  of b a r e  rocks. 
Research has  demonstrated t h a t  rocks of even t h e  hardes t  s o r t s  (g ran i t e ,  
b a s a l t ,  andesite) have an a l t e r e d  sur face  l a y e r  o r  so-called weathering "in- 
c rus ta t ion ."  
rock. 
more e a s i l y  worked, e t c .  
even more, depending on t h e  c h a r a c t e r i s t i c s  of t h e  rock and on e x t e r n a l  condi- 
t i ons .  
This l a y e r  d i f f e r s  i n  color and dens i ty  fromthe main lower-lying 
It is  somewhat darker,  chestnut brown i n  co lor ,  more porous, less dense, 
Thickness of t h i s  l a y e r  varies from 1-2 mm t o  1 cm or  
M i  nvnh4 -1 a m 4  - -1 -- -1  --- - - .---LvvswswLjr~ar iaryaos of this l aye r  ind icace  t h a t  it is sett led r a t h e r  
densely wi th  d i f f e r e n t  microbe forms. 
c r u s t  of rocks from Armenia ( t u f f ,  basa l t )  d i sp lays  4 t o  150 thousand b a c t e r i a l  
cells p e r  gram i n  inocula t ion  onto meat-infusion agar, and 100 t o  300 thousand 
pe r  gram on non-nutrient agar. 
600 thousand p e r  gram i n  b a s a l t i c  c rus t  and up t o  600-1200 thousand p e r  gram i n  
limestone c r u s t  (Table IV). 
Our f ind ings  (1949) revealed t h a t  t he  
I n  subsequent s t u d i e s ,  w e  de tec ted  up t o  400- 
TABLE I V .  NUMERICAL AND GROUP COMPOSITION OF 
MICROORGANISMS I N  WEATHERED CRUST OF ROCKS (thousands/gram) 
Rock 
L e r e  
o l l ec t ed  1" 1 :  
4icroor ganisr 
Bacte 
1 
20 
20 
2 
GO 
40 
3(! 
ia 
2 
3.35. 
GO 
40 
so0 
SGC 
1100 
.a 
1 5 
The dens i ty  of microbe population of the c r u s t ,  as Table IV i n d i c a t e s ,  
It is higher i n  b a s a l t i c  and limestone rocks varies i n  t h e  d i f f e r e n t  rocks. 
microf lora  than does red t u f f .  
+.I... 2. +.I..- --..-+ As +..c.c D l - - l -  L . - P C  7 .., 
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Dif fe ren t  p a r t s  of t h e  same rock may have d i f f e r i n g  populations.  Under 
l i chens  t h e  su r face  l a y e r  of rocks is m o r e  densely s e t t l e d  than i n  ba re  areas, 
bu t  -- as our s t u d i e s  showed -- even the lat ter have a s u b s t a n t i a l  v a r i e t y  i n  
microbe population density.  
bu t ion  of t h e  n u t r i e n t  mineral  elements (Krasil 'nikov, 1949). 
The explanation f o r  t h i s  i n  the nonuniform d i s t r i -  
I n  group composition, t he  microflora of t h e  weathered c r u s t  of rocks i s  no t  
homogeneous. 
teria. 
nomycetes i n  somewhat g r e a t e r  amounts. Here, too, a lgae  are encountered, whose 
number w e  considered only i n  t h e  c r u s t  of limestone and b a s a l t ,  counting up t o  
6000 cells  of them pe r  gram. I n  i so l a t ed  cases, Protozoa (amoebae, c i l i a t e s )  
are discovered i n  t h e  c rus t .  
The bulk thereof is made up of asporogenous b a c t e r i a  and mycobac- 
Sporogenous b a c t e r i a  and fungi  a re  de tec ted  i n  s m a l l  amounts, and acti- 
Approximately the same numerical i n d i c e s  are quoted by M. A. Glazovskaya 
i n  he r  work (1950). She s tud ied  the  microflora of the " incrus ta t ion"  of rocks 
i n  the  snowy zone of t h e  Tien Shans at  an a l t i t u d e  of 3900-4350 meters above 
sea level. 
15,000 fungi  per  gram near Berg's g l ac i e r  (4350 meter) and up t o  600,000 bac- 
teria pe r  gram near Komarov's g l a c i e r  (3200 m e t e r ) .  
number of a lgae  t h e r e  (up to 350,000 per gram). 
I n  the  c r u s t  of g r a n i t e  rock she  counted up t o  800,000 b a c t e r i a  and 
She a l s o  found a l a r g e  
D. M. Novogrudskiy (1950) s tud ied  the b a r e  g r a n i t i c  rocks of t h e  Terskey- 
Alatau Range (Central Tien Shan), and per gram of su r face  l a y e r  under l i c h e n s  
found up t o  72 m i l l i o n  hyphae and 1 3  mi l l ion  b a c t e r i a l  cells. 
b a c t e r i a ,  fungi ,  and green algae. 
1182 
They found myco- 
V.  0. Tauson (1948) demonstrated tha t  rocks i n  t h e  P a m i r s  a t  an a l t i t u d e  
of 4500-5000 meters are populated by various microorganisms -- b a c t e r i a ,  fungi,  
actinomycetes, and a lgae  -- b u t  he  adduces no numerical data.  
Research shows t h a t  t h e  b a c t e r i a l  f l o r a  of t h e  weathered c r u s t  of high- 
a l t i t u d e  rocks percept ib ly  d i f f e r s  fromthe micro f l o r a  of s o i l s ,  b u t  is  s i m i l a r  
t o  t h a t  of l i chens .  
Among t h i s  group of b a c t e r i a  are many pecul ia r  forms which, i n  our opinion, 
are of p a r t i c u l a r  i n t e r e s t .  They are, fo r  t h e  most p a r t ,  very t i n y  rods which 
i n  t h e i r  genera l  f ea tu re s  resemble t h e  above-described dwarf b a c t e r i a  i nhab i t ing  
l ichens .  Their p e c u l i a r i t y  is  t h a t  they do no t  subinacula te ,  and do not  grow 
on n u t r i e n t  media. They are discovered only i n  t h e  f i r s t  inocula t ion  of rock 
on non-nutrient media (water agar,  Ashby agar, e t c . ) .  Moreover, t h e i r  growth 
is  very r e s t r i c t e d .  The colonies have barely v i s i b l e  microscopic dimensions, 
i n  most cases, pe rcep t ib l e  only under a powerful loupe. 
Asporogenous auxoautotrophic forms of b a c t e r i a  predominate. 
A s  i n  l i chens ,  t h e  rock b a c t e r i a  d i f f e r  i n  spec ies  makeup. Among them 
t h e r e  are mobile b a c t e r i a  of t h e  Pseudomonas and Bacterium genera and immabile 
mycobacteria, pseudobacteria, etc. The c e l l  s i ze s  of some are very small 
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(0.6-0.8 x 0.3-0.5 micron) and ordinary i n  o the r s  (2-3 x 0.5-0.6 micron). None 
of them form spores. 
These d i s t i n c t i v e  b a c t e r i a  are encountered i n  a l l  t h e  rocks from high- 
mountain summits inves t iga ted .  
asporogenous bac te r i a .  
They comprise approximately 60-80% of a l l  the 
The weathered c r u s t  is  inhabi ted  by q u i t e  a few o l igon i t rophy l l s .  Thei r  
b t ~  i s ascer ta ined  a t  between 12-100 thousand pe r  gram. I n  c o n t r a s t  t o  t h e  
ttaing forms, they grow w e l l  on syn the t i c  non-nitrogenous media (Ashby agar,  
Their colonies are slimy and convex l ike  drops of p a s t e ,  o r  spread ou t  e t c . ) .  
on the  agar sur face ,  watery and transk>arent o r  tu rb id .  
azotobacter colonies.  
Outwardly, they resemble 
The f ind ings  given he re  i n d i c a t e  tha t  t h e  rocks of mountain tops,  which 
w e r e  previously considered t o  be lifeless and devoid of l i v i n g  substances,  are 
a c t u a l l y  q u i t e  densely populated wi th  microorganisms and l ichens.  The dens i ty  . 
of occurrence i n  the  sur face  l a y e r  of clumps of s tone  is  counted i n  t h e  hundreds 
of thousands and mi l l ions  of c e l l s  p e r  gram. These microscopic c rea tu res ,  t he  
f i r s t  se t t lers  i n  t h e  rocks, grow, multiply, consume d i f f e r e n t . m a t e r i a l s ,  and 
perform an enormous amount of work i n  the  process of t h e i r  v i t a l  a c t i v i t y .  
The ques t ion  arises as t o  where t h i s  l i v i n g  m a s s  of organisms g e t s  energy 
from, what i t  nourishes i t s e l f  with,  and what i t s  b i o l o g i c a l  r o l e  is. 
A s  f o r  l i chens ,  t h e  sources of t h e  mineral  nutriment f o r  t h e  rock microbes 
is t h e  substratum on which they grow. 
Under t h e  e f f e c t  of t h e  microorganisms, rocks are subjec ted  t o  apprec iab le  
There i s a  decomposition of t h e  primary minerals,  and a t  t h e  same des t ruc t ion .  
t i m e  a syn thes i s  of t h e  secondary. I n  the surface-weathered c r u s t ,  where t h e  
microorganisms abound, t he  mineral and chemical composition of t h e  rock i s  al- 
te red .  The f ind ings  of M. A. Glazovskaya are t h a t ,  i n  t h e  weathered c r u s t  of 
g r a n i t e  s tud ied ,  t he re  is considerably more calcium, magnesium, potassium, and 
aluminum oxides. I n  some cases, accumulation of i r o n  is  observed. I n  t h e  
weathered c r u s t  t he re  i s  an appreciable,  approximately twofold rise i n  t h e  m a t -  
erials which are l o s t  i n  ca lc ina t ion .  
t h e  c r u s t .  A t  t h e  same t i m e  a reduction i n  s i l i c o n  content takes  p l ace  (Table V ) .  
There are more nitrogenous compounds i n  
It w a s  determined by M. A .  Glazovskaya t h a t  secondary minerals of hydro- 1183 
m i c a ,  sericite, and microcline are formed i n  t h e  weathered c rus t .  
A s  f o r  t h e  sources of t h e  carbon nutriment, i t  may be assumed t h a t  they r 
are synthesized by the  microbes themselves. 
f ec t ed  by algae.  
ter, bu t  a lgae  are not everywhere s o  numerous. 
found a t  a l l ,  o r  else i n  very l imi t ed  quantity. 
carbon nutriment are furnished by o ther  organisms. 
This process is  p r i n c i p a l l y  ef- 
Where they grow i n  abundance t h e r e  i s  no l ack  of organic m a t -  
I n  many places they are no t  
I n  these  cases the  sources of 
W e  assume t h a t  these  o the r  organisms are non-chlorophyll-bearing forms of 
microbes -- b a c t e r i a ,  and perhaps fungi and actinomycetes. 
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0,07 
0,75 
Grani te  - 
Light-Colored 
TABLE V.  CHANGE I N  CHEMICAL COMPOSITION OF GRANITE ROCKS 
* UMDER THE EFFECT OF MICROORGANISMS I N  THE SNOWY REGION OF 
-77- r r n x r m n  a 7 - 7 - x ~  n r r a  _ L T ~  I .  -mnr\ n~ A O A T T F T ~ A V A  i n e n \  i n n  ~ L A Y I N I L  i i l j i ~  aruii~a \nr~.rsn c l l r t i ~ u v ~ ) ~ u . ~ n ~  L ~ > v /  
19,03 1,22 0,17 2,OO 
19.9 2,OO 0,4G I 2,40 
Weathcrcd Crust 
I n  recent  years  i t  has been cs tab l i shcd  t h a t  t h c  capacity of a s s imi l a t ing  
carbonic ac id  and of using it t o  synthesize organic compounds i s  inherent  not 
only i n  autotrophs,  pigmented and co lo r l e s s ,  bu t  also i n  he te ro t rophs .  S .  N. 
Vinogradskiy (18871, a f t e r  h i s  remarkable experiments showing t h e  ex is tence  of 
chemoautotrophic bac te r i a ,  i n  h i s  conclusion drew a sharp l i n e  between auto- 
trophs and heterotrophs.  A .  F. Lebedev subsequently (1921) demonstrated t h a t  
such a boundary should not be drawn. Both types of microbe, according to  h i s  
da ta ,  d i f f e r  among themselves not  i n  the na tu re  of t h e i r  feeding, bu t  i n  t h e  
manner i n  which they ob ta in  energy. Both assimilate carbonic ac id ,  bu t  t h e  
autotrophs use energy by oxidizing inorganic compounds, while he te ro t rophs  do 
i t  by oxidizing organic substances. A .  F. Lebedev's p o s i t i o n  has i n  recent  
years  been corroborated @y many inves t iga to r s .  
showed t h a t  propionic ac id  b a c t e r i a  convert inorganic carbonates i n t o  organic 
material. Carbonic a c i d  from CaCO introduced i n t o  the  medium is  as s imi l a t ed  
and e n t e r s  i n t o  t h e  composition of t h e  organic compounds of t h e  b a c t e r i a  plasma. 
The capac i ty  t o  assimilate CO 
teria -- i n  t h e  coliform bacterium, and i n  d i f f e r e n t  spec ies  of Pseudomonas, 
Bacterium, and Mycobacterium. Werkmann (1954) be l i eves  t h a t  a l l  organisms, 
both h igher  and lower, assimilate carbonic ac id ,  t h a t  i t s  as s imi l a t ion  i s  an 
important phys io logica l  func t ion  ensuring the  synthes is  of necessary metabolic 
processes,  and t h a t  l i f e  is  impossible without carbonic acid.  
microorganisms d i e  i n  several hours. 
I n  1935 Wood and Werkmann 
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w a s  discovered i n  many o the r  he t e ro t roph ic  bac- 2 
Without i t ,  
These da ta  g ive  us reason f o r  assuming t h a t  among t h e  rock microorganisms 
many, and poss ib ly  even a l1 , types  e f f e c t  a g r e a t e r  o r  lesser degree of syn thes i s  
of organic  substances, ass imi la t ing  C 0 2  from the  a i r  and u t i l i z i n g  t h e  energy 
of chemical and photochemical reac t ions .  
A t h i r d  very important source of nutriment is  nitrogen. From where do 
rock microorganisms de r ive  t h i s  n u t r i t i v e  element? 
D i f f e r e n t  sources of nitrogenous compound are poss ib le .  
Nitrogen compounds may a r r i v e  a t  t h e  su r face  of t h e  rocks wi th  r a i n  o r  /184 
snow from the  air .  This source of nitrogen on t h e  peaks of t h e  Tien Shans i s  
very probable i n  the  opinion of M. A .  Glazovskaya, s i n c e  thunderstorms are very 
frequent there .  
tops i s  unknown, f o r  no one has conducted s t u d i e s  i n  t h i s  d i r ec t ion .  
How s u f f i c i e n t  t h i s  source may be t h e r e  and i n  o the r  mountain 
The accession of nitrogenous compounds with atmospheric dus t  i s  assumed. 
I 
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MacHorn (1851) inves t iga t ed  t h e  composition of dus t  ca r r i ed  from Ind ia  and 
Cent ra l  A s i a .  Many p h y t o l i t h a r i a ,  b u t t e r f l y  dus t ,  and s i x  spec ies  of diatom 
a l g p p  wprp f n i m d  hy M ,  A ,  C l a ~ n v ~ ~ ~ > 7 ~  d ~ s + -  frfm +he a i r  .c'+tl-cg 
sur faces  i n  t h e  snowy zone of t h e  Central  Tien Shan, as w e l l  as p l a n t  po l len ,  
spores of msses and l i chens ,  and many green, blue-green, and diatom a lgae  si- 
milar t o  t h e  a lgae  inhabi t ing  t h e  sites of t h e  inves t iga t ion .  L a t e r  she found 
brown threads resembling the  hyphae of fungus mycelium and b i t s  of p l a n t  
t i s s u e .  
f ind ings .  Consequently, i t  must be  assumed t h a t  t hese  c rea tu res  are c a r r i e d  
from a f a r  t o  t h e  mountain tops,  and therefore  are un ive r sa l  dwellers.  
The a lgae  discovered i n  t h e  dust are v iab le ,  according t o  t h i s  au tho r ' s  
The authors unfortunately g ive  no numerical d a t a  on t h e  poss ib l e  accumula- 
t i o n  of n i t rogen  i n  t h i s  way. 
Also unknown is  t h e  genera l  b io log ica l  s ign i f i cance  of t h i s  imported 
n i t rogen  f o r  t h e  lower c rea tu res  of t h e  rocks. 
The most s u b s t a n t i a l  source of nitrogen i n  t h e  h igh  s u m m i t  zone is, i n  our 
opinion, n i t rogen  f i x a t i o n  by l o c a l  microorganisms. 
The l i t e r a t u r e  descr ibes  d i f f e r e n t  representa t ives  of microbes capable of 
f i x i n g  the  molecular n i t rogen  of t he  air. Nitrogen f i x e r s  have been described 
among a lgae ,  b a c t e r i a ,  fungi,  actinomycetes, and Protozoa. The nitrogen-fixing 
c a p a b i l i t y  of t h e  blue-green a lgae  -- Anabaena Gloeocapsa, Nostoc, e t c .  -- has  
been e s t ab l i shed  by many i n v e s t i g a t o r s  (Bortels, 1940; Fogg , 1947; Herisset, 
1946; Shield,  1953; and o the r s ) .  The s p e c i f i c  weight of t hese  organisms i n  t h e  
n i t rogen  balance of s o i l s ,  and p a r t i c u l a r l y  of t h e  s o i l s  of rice paddies, may 
b e  very s u b s t a n t i a l .  
The r ice f i e l d s  of Ind ia  which have not  been f e r t i l i z e d  f o r  many years  do 
not  reduce product iv i ty  only because -- i n  t h e  opinion of Watanabe, Nichigaki, 
and Konishi (1951) -- they contain a grea t  quan t i ty  of blue-green a lgae  which 
in t ens ive ly  f i x  molecular n i t rogen .  
' 
I n  rocks, i n  p laces  where blue-green a lgae  ga ther  and grow en masse, they 
acqui re  a s p e c i a l  s ign i f i cance  i n  providing t h e  l i v i n g  population wi th  nitrogen. 
Blue-green a lgae  f requent ly  cover huge areas i n  a t h i c k  l a y e r  i n  f i s s u r e s  and 
on the  s lopes  of mountain tops s u f f i c i e n t l y  moistened by t h e  waters of g l a c i e r s ,  
snows, o r  r a i n s ,  as w e l l  as by condensed a i r  vapors. 
V. 0. Tauson (1948) notes  t h a t  extensive s t r e t c h e s  of mountain rocks i n  
I n  the  region of Elbrus i n  t h e  va l l eys  both of 
t h e  P a m i r s  and the  Caucasus are covered with a so-called "black coating'' con- 
s i s t i n g  of blue-green algae.  
t h e  Baksak i tself  and of i t s  t r i b u t a r i e s ,  and i n  t h e  snowy passes of Svanetia 
t h e r e  are so  many of them (algae) on the g r a n i t e  c l i f f s  t h a t  they are very vis- 
i b l e  from a f a r .  
b lack  rock. 
pe tua l  snows t o  3500-4000 meters, t he  black coatings are v i s i b l e  to t he  naked 
eye from a d i s t ance  of s eve ra l  kilometers. 
A t  t i m e s  i t  s e e m s  a s  though t h e  whole c l i f f  w e r e  made of some 
On the  g r a n i t e  c l i f f s  of M t .  Dongua Orunda, r i s i n g  among t h e  per- 
S i m i l a r  accumulations of a l g a e  are noted on t h e  s lopes  of t h e  mountain 
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heights  of t h e  Cen t ra l  Tien Shan. M. A. Glazovskaya descr ibes  two types of 
a lgae  a c c q u l a t i o n .  One is  a bluish-black, b r i l l i a n t ,  lacquer-l ike s o l i d  in- /185 
c r u s t a t i o n  10-15 mm th i ck  covering a layer  of unchaiged r G & .  
sist of blue-green and green algae.  
c a l l y  moistened with water and cover rock fragments i n  t h e  dry beds of g l a c i e r s  
on t h e  f l a t  summits of Terskey Alatau and on t h e  banks of g l a c i e r  lakes which 
pe r iod ica l ly  change t h e i r  level,  as  well  as the  rocks of o ld  c i rques  and tem-  
porary f irns . " 
Tksa k y c r s  CGC- 
They form on t h e  s u r f a c e  of rocks "periodi- 
i 
Close t o  Stepanovan 
Tscyskiy Glacier 
I'nss of the  Sukhumi 
The second type of a lgae  accumulation is  formed i n  sites more o r  less con- 
s t a n t l y  moistened. 
rocks." 
many green spec ies .  
"These are d u l l  black f i lms  forming s t r i p e s  and s t a i n s  on 
They cons i s t  of t he  blue-green forms of a lgae .  Among them are a l s o  
6700 K o O  87 860 18L.3 3 10 
3200 1700 GO 430 1000 5 5 
5200 3500 40 650 800 1 ' 9  
S. V. Odintsova (1945) observed abundant development of t he  blue-green 
a l g a e  Gloeocapsa minor on the  su r face  of rocks i n  t h e  Eastern P a i r s  a t  a he igh t  
of 4000 meters and above.' She observed t h a t  t h i s  growth w a s  accompanied by a 
' breakdown of t h e  rock. 
W e  observed massive accumulations of blue-green a l g a e  on t h e  s t eep ,  o f t e n  
perpendicular s lopes  of many rav ines  i n  t h e  Caucasus, i n  Armenia, Georgia, 
Svanetia,  and o the r  places.  Blue-green a lgae  grow abundantly everywhere t h a t  
t h e r e  is enough moisture. 
* It must be  noted t h a t  d i f f e r e n t  b a c t e r i a  -- sporogenous and asporogenous, 
mycobacteria, etc. -- l ive  i n  abundance i n  t h e  a lgae  aggregations. 
According t o  our inves t iga t ions ,  mi l l i ons  of b a c t e r i a  i n h a b i t  t he  a lgae  
accumulations i n  t h e  rav ines  of t h e  Caucasus (Table V I ) .  
on the  s lopes  of a ravine near Stepaaovan (Armenia), w e  found from 5 t o  20 
m i l l i o n  cells pe r  gram of raw mass. 
number of sporogenous b a c t e r i a ,  and very few fungi  and actinomycetes. 
mately t h e  same q u a n t i t i e s  are found i n  t h e  a lgae  "coatings" near t h e  Klukhor 
P a s s  (Sukhumi M i l i t a r y  Highway). 
I n  t h e  algae coating 
Among them predominate asporogenous bac- 
L I = ~ ~ Z  - .-.f -- tf the  gemra Pseudornmm r r d  Bacterium, then mycobacteria, a s m a l l  
Approxi- 
M i  1 i tr+ r y Highway 
I n  a l l  t he  algae accumulations ( in  t h e  'alack and blue-green coatings) on 
A s  Table VI shows, t he  number of them the re  
t h e  s lopes  of t h e  mountain tops and i n  t h e  rav ines ,  considerable numbers of 
o l igon i t rophy l l s  are discovered, 
runs from 800 thousand t o  1.8 mi l l ion ,  and i n  i s o l a t e d  analyses up t o  2.5 m i l l i o n  
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per  gram of m a s s .  
V, 0 .  Tnrinnn (1948) found a s u b s t a n t i a l  quant i ty  of azotobacter i n  t h e  
a lgae  coa t ings  of t he  Pamirs  and mountains of t h e  Caucasus. D.  M. Novogrudskiy 
d id  no t  f i n d  i t  i n  a lgae  aggregations on t h e  s lopes  of t h e  T i e n  Shans. I n  our 
s t u d i e s ,  w e  a l s o  found no azotobacter i n  a lgae  accumulations on t h e  s lopes  and 
i n  the  rav ines  of t h e  mountains of t h e  Caucasus. 
This whole mass of c rea tures  supply t h e i r  needs f o r  nitrogenous nutriment 
c h i e f l y  wi th  atmospheric nitrogen. 
agglomerations (o l igoni t rophyl l s )  assimilate molecular n i t rogen  and use i t  f o r  
processes of syn thes i s  and bui ld ing  l i v ing  matter. 
The a lgae  and the  b a c t e r i a  found i n  t h e i r  1186 
I n  t h e  v i t a l  process of these  organisms, some of t h e  nitrogenous compounds 
are excre ted  i n t o  t h e  environment i n  some form as an in te rmedia te  product i n  
p r o t e i n  syn thes i s  or ,  on t h e  contrary,  p ro te in  decomposition. 
From t h e  quant i ty  of t h i s  n i t rogen  excreted,  t h e  approximate scope of v i t a l  
a c t i v i t y  i n  general ,  and of n i t rogen  f i x a t i o n  on t h e  mountain tops  i n  p a r t i c u l a r ,  
may be  represented. 
I n  order  t o  determine t h e  amount of n i t rogen  i n  these excre t ions ,  w e  col- 
l e c t e d  d rop le t s  of water which flowed down from the  a lgae  co l l ec t ed  i n  two d i f f e -  
r e n t  p l aces  i n  the  Caucasus: (a) near  Stepanovan (Armenia) i n  a rav ine  where t h e  
a lgae  w e r e  s u f f i c i e n t l y  watered by subterranean spr ings  and inf requent  drops of 
w a t e r  s p i l l e d  through; (b) near  t h e  Klukhor Pass (Sukhumi M i l i t a r y  Highway) -- 
here  t h e  
specimens w e r e  taken w e r e  s l i g h t l y  moistened and w a t e r  flowed down from t h e  
a lgae  s u r f a c e  i n  inf requent  drops. From each of t h e  si tes t h r e e  samplings of 
water w e r e  taken f o r  inves t iga t ion .  A l l  w a t e r  samplings w e r e  flooded w i t h  sul- 
f u r i c  a c i d  on the  spot  and de l ivered  t o  t h e  laboratory.  
a lgae  w e r e  watered by a mountain spr ing .  The s e c t i o n s  where t h e  w a t e r  
The samples were se l ec t ed  i n  Armenia i n  October, and on the Kiukhor P a s s  
i n  August. The chemical analyses were made by t h e  microkjeldahl o r  semimicro- 
k j e l d a h l  method. The r e s u l t s  are: specimens taken near  Stepanovan -- No. 1 had 
3 rng of n i t rogen  per  100 m l ;  No. 2, 3 . 2  mg; No.3, 2.7 mg; specimens gathered 
i n  the Klukhor Pass - No. g h a d  3.4  mg of n i t rogen  per  100 mg; No. k, 5.6 mg; 
and N o .  c,2.5 mg. 
It is apparent from these  da t a  tha t  d rop le t s  of water slowly t r i c k l i n g  from 
a lgae  accumulations contain nitrogen. Its q u a n t i t i e s ,  although s m a l l ,  r egu la r ly  
show up i n  the analyses. 
Based on our ca l cu la t ions  i n  Stepanovan 200 cc of water p e r  hour containing 
an  average t o t a l  of 5.8 mg of n i t rogen  leave 1 square meter of a lgae  coating. 
I f  i t  i s  assumed t h a t  t h i s  amount is uniformly excreted during t h e  whole 
summer growing season l a s t i n g  about 6 months, then about 250 kg of n i t rogen  w i l l  
b e  excre ted  during t h e  whole season from an  area of about 1 hectare .  
I n  this rav ine  the  area covered with a lgae  does not  represent  t e n  hec ta re s .  
Consequently, tons of n i t rogen  flow in to  t h e  r i v e r  and are c a r r i e d  f a r  away i n t o  
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the va l l eys  and seas, some of t h e  tonnage a l s o  g e t t i n g  onto i r r i g a t e d  f i e l d s .  
R~S/rlls +he familiar cT+_rcnnn o--- Fivn-c ..&---LY -- sscrsbecter, ~ c ~ ~ ~ ~ - f c ~ < ~ g  522- 
teria,  and c los t r id ium -- a number of other r ep resen ta t ives  of Azotomonas, 
B ie i e r ink ia ,  Chlorobacterium, and Rhodospirillm? among S a c t e r i a  can f i x  nitrogen. 
The nitrogen-fixing c a p a b i l i t y  of severa l  fungi  (Phoma, Penic i l l ium,  mycor- 
rh i zae ) ,  of yeas t s  (Saccharomyces, Will ia,  P ich ia ,  Torula, Mycoderma, Oidium), 
and later of actinomycetes has been described (Omelyanskiy, 1916, 1923; Shie lds ,  
1953). A l l  t hese  organisms, however, together wi th  azotobacter,  nodule-forming 
b a c t e r i a ,  and c los t r id ium have no e s s e n t i a l  importance i n  t h e  l i f e  of t h e  microbes 
of h igh-a l t i tude  rocks. They are e i t h e r  lack ing  there ,  o r  are found i n  neg l ig ib ly  
s m a l l  amounts. 
Our observations show t h a t  i t  is the o l igon i t rophy l l s  among t h e  b a c t e r i a  
which are t h e  supp l i e r s  of n i t rogen  on mountain tops.  Even t h e r e  where blue- 
green a lgae  grow i n  abundance, the s igni f icance  of t h e  o l igon i t rophy l l s  i n  t h e  
n i t rogen  balance i s  g rea t .  A s  shown above, these  organisms are widespread on 
t h e  rocks of c l i f f s .  They are found i n  a g r e a t  number i n  t h e  weathered c r u s t  
and i n  even g r e a t e r  number i n  t h e  tha l lu s  of l i chens ,  as w e l l  as i n  t h e  mucila- 
ginous mass of a lgae  accumulations. The o l igon i t rophy l l s  represent  a composite 
group of microorganisms, which inc ludes  sporogenous b a c t e r i a  (genus Bac i l lu s ) ,  
asporogenous (genus Pseudomonas and genus B a c t e r i a ) ,  and mycobacteria (genus 
Mycobacterium). 
w e l l  on anitrogenous media. 
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They are a l l  un i ted  by a s i n g l e  property -- that of growing 
Cer t a in  cu l tu re s  even react negatively t o  t h e  add i t ion  of n i t rogen  t o  t h e  
medium, grow more feebly,  o r  even do not grow a t  a l l  on nitrogen-containing nut- 
r i e n t  media, p a r t i c u l a r l y  on p r o t e i n  media .  
The o l igon i t rophy l l s  long ago a t t r a c t e d  t h e  a t t e n t i o n  of i n v e s t i g a t o r s  by 
t h e i r  a b i l i t y  t o  grow i n  abundance on anitrogenous media. It w a s  assumed t h a t  
they, l i k e  the  azotobacter,  f i x  t h e  molecular n i t rogen  of t h e  a i r ,  bu t  a study 
of pure c u l t u r e s  of these  organisms has  given cont rad ic tory  ind ica t ions .  
Bei je r inck  (1901), t h e  f i r s t  t o  describe these  organisms, found no nitrogen- 
f i x i n g  c a p a b i l i t y  i n  them and concluded t h a t  they w e r e  s a t i s f i e d  with t h e  neg- 
l i g i b l e  doses of n i t rogen  found i n  ordinary anitrogenous media -- hence t h e i r  
name ' o l igon i t rophy l l s . '  The r e s u l t s  of some of t h e  following i n v e s t i g a t o r s  
w e r e  d i f f e r e n t .  These authors be l i eve  tha t  o l igon i t rophy l l s  f i x  molecular 
nitrogen. Truf fau t  and Besszonoff (1926), f o r  example, described t h e  sporogenous 
b a c i l l u s  later named a f t e r  one of them -- B. t r u f f a u t i ,  which f ixed  3-5 mg of 
n i t rogen  p e r  gram of ass imi la ted  sugar. 
N .  I. Nik i t ina  i n  1946 and l a t e r  I. Y e .  Mishustina (1954) subjected more 
than 200 o l igon i t rophy l l  c u l t u r e s  t o  thorough and d e t a i l e d  study. 
A s  a r u l e ,  a l l  o l igoni t rophyl l s  i n  pure c u l t u r e s  d isp lay  a s l i g h t  degree 
of nitrogen-fixing a b i l i t y .  Thus, f o r  example,. t h e  f ind ings  of N. I. N i k i t i n a  
i n d i c a t e  t h a t  t h i s  i s  apparent between 0.5-1.2 mg pe r  gram of glucose (Table 
VII).  The same ind ices  were a l s o  obtained by I. Y e .  Mishustina. I n  many spec ies  
t h e  a b i l i t y  t o  f i x  n i t rogen  i s  not  found a t  a l l  under condi t ions  of growth on 
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dense anitrogenous media. 
t i o n s  of n i t rogen ,  and even more graphical ly  under mixed c u l t u r e  conditions,  
It manifests  i t s e l f  b e t t e r  on media w i t h  small addi- 
n 
J i th  
aNi) 
M& 
With 
out  
Organisms Organisms 
0,hD 1 Control (medium) , 
Racter. .sp. .% 1 4  . . . . .  
F'seud. aurnrifinca . . . .  
Bacter. sp. X: 49 . . . . .  . r\'?51. . . . .  
Bacter. Xi 4 i n  mix.. . .  . 9 . 7 . .  . . .  . 9 1 0 .  . . . .  
L N O  
Pure 
Bncler. h'? 4 C u l t u r e  , * 0,3:! 
Medi: 
With. 
out 
LV03 
0,20 
0,23 
0,030 
0 ,25 
0,3t 
0.87 
0,122 
0,47 
. . Y ? 7  * . 
,? -. , K? 10 . . 
*KN03 Added t o  Ashby Medii 
0,27 
0,38 
After  6 Days 
of Growth 
I 
1 i n  the Amount of 0 . 3  pe 
Af ter  10 Days 
of Growth 
EL-. 
With 
KNO * -3 
0,5i 
0,49 
0,5s 
0,59 - - - 
1 
L i t  -:. 
2 3 1 2 3  
I n  Mishust ina 's  experiments 16  pure c u l t u r e s  ( 8  sporogenous and 7 asporo- 
genous b a c t e r i a  and one mycobacterium) exhibi ted no a b i l i t y  not iceably  t o  f i x  
n i t rogen  on an agarized arhtrogenous medium,  nor w a s  t h i s  capac i ty  discovered 
on p l a t e s  of g e l  impregnated with Ashby's so lu t ion .  I n  exac t ly  the  same way it 
w a s  no t  de tec ted  o r  very weakly detected on anitrogenous l i q u i d  Ashby medium 
under dormant condi t ions.  
The nitrogen-fixing capaci ty  w a s  m o r e  c l e a r l y  pronounced i n  a l i q u i d  aer- k188 
a t e d  Ashby medium (Table V I I I ) .  
TABLE V I I I .  NITROGEN-FIXING CAPACITY OF OLIGONITROPHYLLS ON 
LIQUID AE?=A&TED ASHEY XEDI???. EXPERI?"ENTS C)F I. YE. MISEJ;LTSTI??A 
(NITROGEN I N  MG PER 100 CC OF MEDIUM, 6 DAYS CONTROL) 
Cul tures  
Sporogenous 
No. 171. . . . . . . . . . . . .  
976. . . . . . . . . . . . .  
Asporogenous 
NO. 97 . . . . . . . . . . . . .  
9 7 a . .  . . . . . . . . . . .  
Mycobacteria . . . . . . . . . .  
Yeast No. 97c . . . . . . . . .  
4,G -- 
4 ,'I 
5 , 1  
G ; 4  
415 
( l ) -F ina l  pH of Medium; (2)-Nitrogen Fixat ion;  (3)-Per mg of Sugar Consumed. 
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The research by N .  I. Nik i t ina  and I. 
o l igon i t rophy l l s  possess the  c a p a b i l i t y  of 
rlnnraa 
--0---- 
Ye.  Mishustina demonstrates that 
f i x i n g  n i t rogen ,  although t o  a s l i g h t  
An increment i n  n i t rogen  i s  noted i n  a l l  cases where t h e r e  are proper 
conditions.  
The nitrogen-fixing capacity of o l igoni t rophyl l s  i s  percept ib ly  reduced o r  
e n t i r e l y  l o s t  when t h e  cu l tu re s  are kep t  on n u t r i e n t  labora tory  media. 
c u l t u r e s  l o s e  t h i s  capab i l i t y  even a f t e r  s e v e r a l  days of growth on a n u t r i e n t  
medium. 
gen and t o  grow on anitrogenous media a f t e r  only 2-3 w e e k s  of labora tory  exis- 
tence, while a f t e r  6 months only 21 cu l tu re s  kept  t h i s  a b i l i t y .  
derived s i m i l a r  data.  
Many 
Of 122 cu l tu re s  s tud ied  by Nik i t ina ,  73 l o s t  t h e  a b i l i t y  t o  f i x  n i t r o -  
I. Y e .  Mishustina 
The t e s t e d  o l igon i t rophy l l  cu l tu re s  w e r e  consequently a l ready  g r e a t l y  
weakened and f ixed  n i t rogen  t o  a lesser degree than w a s  characteristic of them 
under t h e  conditions of t h e i r  n a t u r a l  hab i t a t .  
I n  t h e  n a t u r a l  subs t r a t a ,  t he  o l igoni t rophyl l s  dwell i n  d ive r se  koinoses 
I n  a s soc ia t ion  wi th  some i n  a mixture wi th  various types of microorganisms. 
of them ( a c t i v a t o r s ) ,  t he  nitrogen-fixing capac i ty  of t h e  o l igon i t rophy l l s  m a n i -  
f e s t s  i t s e l f  more s t rongly .  
i n a t i o n  of t hese  microbes, i t  may be assumed t h a t  t h e i r  s ign i f i cance  i n  t h e  
t o t a l  n i t rogen  balance i n  na ture  may be very s u b s t a n t i a l .  
I f ,  moreover, account is taken of t h e  wide dissem- 
Everything above g ives  us a b a s i s  fo r  assuming t h a t  t he  o l igon i t rophy l l s  
i nhab i t ing  mountain rocks i n  the weathered c r u s t  and the t h a l l i  of l i chens  are 
t h e  main s u p p l i e r s  of n i t rogen  t o  the  inhabi tan ts  of mountain tops. 
I n  order  t o  e s t a b l i s h  t h e  actual  nitrogen-fixing capabity of t he  microbe 
population i n  l ichens  as a whole, we conducted the  following inves t iga t ions .  
A t  an a l t i t u d e  of 2000-2800 meters above sea l e v e l  i n  the mountains of 
Armenia and Georgia, small areas w i t h  cup-like depressions overgrown with 
l i chens  were chosen on the  rocks. 
abundantly moistened with water. 
b o t t l e s ,  a c i d i f i e d  with s u l f u r i c  ac id ,  and s e n t  t o  t h e  labora tory  t o  be  analyzed 
f o r  n i t rogen  concentration there in .  
w a s  determined by t h e  microkjeldahl method. 
water thus co l l ec t ed  i n  two places:  two specimens nea r  t h e  Klukhor P a s s  (Georgia) 
and two i n  t h e  Pushkin P a s s  (Armenia). 
f lushed and t h e  amount of f lush ing  water, w e  could determine t h e  quant i ty  of 
n i t rogen  washed o u t  pe r  u n i t  of area. 
In these depressions t h e  l i chens  were 
Every 3-4 hours w a t e r  w a s  p i p e t t e d  i n t o  
/189 
A s  i n  t he  previous analyses,  t h e  n i t rogen  
W e  s tud ied  four  samplings of 
Knowing t h e  dimensions of t h e  area 
Table IX gives  the  r e s u l t s  of these s t u d i e s .  
A s  is apparent from the  da ta  i n  T a b l e  I X ,  90 t o  223 rng of n i t rogen  is 
washed by w a t e r  from a square meter of the rock sur face .  
More n i t rogen  w a s  washed out i n  the Klukhor Pass (192-223 mg) than i n  the  
Pushkin P a s s  (90-133 mg). 
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TABLE I X .  NITROGEN WASHED FROM THE SURFACE OF ROCKS 
I 
I N i  t r og en 
'Washed Out From 
Experimental 
Area ( i n  mg) 
Date of Analysis 
(October) 
13 I 3,5  
13 118 
23 281 
Klukhor P a s s  
Area 1 , 
Area 2 
Control - water 
Pushkin P a s s  
Area 1 
Area 2 
Control - water 
Nitrogen 
Washed Out 
Per Sq. Meter - 
( i n  mg) 
220 
1io 
140 
Size 
of 
2 
A .. - 
f i L  ea, 
cm 
1000 
600 - 
900 
1200 
- 
Units I,Employed 
I 
1 
6UG 
400 - 
500 
500 - 
* 19,2 
trogen per 100 m l  of 
- 
4 
later ( i n  ml) ; (1)-Flushing Water ( i n  ml) ; (2)-K - 
(3)-Tot. Nitrogen Washed From Area(in mg) ; (4)-Computed Yield of 
Nitrogen From 1 m2 of Area ( in  mg). 
I f  t h e  conversion is  made f o r  one hec tare ,  w e  ob ta in  2.12 kg of e lu t ed  
n i t rogen  i n  t h e  f i r s t  case and 1.19 kg i n  t h e  second. 
According t o  our observations,  f ive  days later i n  t h e  lichen-grown areas 
which w e r e  f lushed again, approximately t h e  same amount of n i t rogen  w a s  again 
de tec ted  as i n  t h e  f i r s t ' a n a l y s i s .  
W e  made repeated analyses of b a s a l t  rocks near  Erevan. A lichen-covered 
area w a s  t r e a t e d  i n  t h e  above-way 
Table X g ives  t h e  r e s u l t s .  
three t i m e s  i n  a row a t  f i v e  day i n t e r v a l s .  
TABLE X. QUANTITY OF NITROGEN WASHED OUT I N  REPEATED ANALYSES 
I f  i t  is assumed t h a t  replenishment of t h e  n i t rogen  on t h e  su r face  of t h e  
rocks proceeds on t h e  average during the whole growing period a t  t h e  same rate 
as shown i n  Table X ,  t h e  t o t a l  increment of n i t rogen  w i l l  be  expressed i n  . 
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f igu res  as  37-48 t o  73-80 kg per  hec tare  pe r  season. 
These f igu res  are sca rce ly  exaggerated. It must b e  assumed t h a t  they are 
r a t h e r  too low. 
There are d a t a  which i n d i c a t e  that the v i t a l  a c t i v i t y  of microorganisms 1190 
(bac ter ia ,  algae,  yeas t )  goes on with grea te r  i n t e n s i t y  on the mountain tops 
than i n  t h e  va l leys .  
Research on t h e  microf lora  of the perennial  snows i n  the Caucasus conducted 
i n  1927-1939 by G. S. Filippov*'demonstrated t h a t  fungi  and y e a s t s  ex t r ac t ed  
from i t  possessed h igher  fermentative ac t iv i ty .  G.  S. F i l ippov s tud ied  more 
than t e n  c u l t u r e s  of Torulopsis y e a s t s  and several spec ie s  of fungi  -- Penici- 
l l i u i i ,  Aspergil lus,  etc. 
A l l  the y e a s t s  l i q u e f i e d  g e l a t i n  and decomposed sugar and s t a r c h  about 
1.5 t o  2 times f a s t e r  than y e a s t s  of the same spec ies ,  b u t  ex t r ac t ed  from t h e  
va l l eys .  
I n  1927-1932 w e  s tud ied  more than 72 c u l t u r e s  of b a c t e r i a  and microbacteria 
ex t rac ted  from thel'red" snow of t h e  region of perennia l  snows and from t h e  wea- 
thered c r u s t  of rocks from t h e  summits of t h e  Caucasus. 
of c u l t u r e s  w a s  ex t r ac t ed  from s o i l s  of v a l l e y s  i n  t h e  Caucasus 
evaluation. 
of Leningrad (35 s t r a i n s ) .  
An equal  number (74) 
f o r  comparative 
W e  a l s o  made p a r a l l e l  tests on b a c t e r i a  from f i e l d s  i n  t h e  v i c i n i t y  
i 
Among these  and o the r s  were well-defined species of t h e  genera-- B. mesen- 
t e r i c u s ,  B. mycoides, then Mycobacterium, Pseudomonas, and Bacterium. Most of 
t hese  organisms ex t r ac t ed  from the  high peaks decomposed g e l a t i n ,  sugar,  and 
s t a r c h  more quickly than d id  cu l tu re s  of t h e  same spec ie s  ex t r ac t ed  from v a l l e y  
s o i l s  of the Caucasus o r  from the  f i e l d s  i n  t h e  v i c i n i t y  of Leningrad. 
X I  g ives  t h e  comparative f ind ings  of these analyses. 
Table 
Y e .  N .  Mishustin (1947) ascertained t h a t  i n  s o i l  b a c t e r i a  from a northern 
Cultures of B. mvcoides ex t r ac t ed  from s o i l s  near Igarka 
l a t i t u d e  the fermentative a c t i v i t y  (ca ta lase)  i s  more a c t i v e  than i n  b a c t e r i a  
from southern s o i l s .  
o r  Syktyvkar i n  5 minutes l i b e r a t e  20 cc of oxygen i n  decomposing hydrogen per- 
oxide; southern forms of this same species of b a c t e r i a  ex t r ac t ed  from s o i l s  
around T b i l i s i  o r  Samarkand l i b e r a t e  only 7-8 cc. 
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It must be  noted t h a t  on mountain tops, as i n  nor thern  l a t i t u d e s ,  t h e  
v i t a l  processes go on a t  an elevated r a t e  no t  only i n  microbes, bu t  a l s o  i n  
h igher  p l a n t s .  
Krasheninnikov and Sokovkina (1925) demonstrated that p o l a r  p l a n t s  -- t h e  
b i r c h  (Ki l 'd in  I s land ,  69' nor th  l a t i t u d e )  -- have h igher  r e s p i r a t o r y  energy 
(by a f a c t o r  of 2-3) -- than i n  t h e  temperate zone. 
* ' From unpublished data.  
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G e l a t i n  
TABLE X I .  ACTIVITY OF HIGH-ALTITUDE AND VALLEY BACTERIA 
Hydrolysis of 
Cultures 
High-Alt i tude 
R. n:iscnterfcus 
P. ntvcoides 
PA-. fIuorescens 
hcten 'urn  . . . . . . .  
Mycobrxcter . . . . . .  
(Caucasus) 
I . . . .  . . . . . .  . . . .  
,is 
10 
7 
1.5 
22 12 
13 
5 
1 
Liquc 
1 
- _ _  
15 
10 
5 
12 
5 
9 
3 
0 
2 
0 
3 0  
0 0  
2 0  
2 0  
2 
G 
5 
7 
3 5  
3 6  
3c t ion  I Starch 
I I I 1 1 r 
0 
0 
1 
' 3  
0 0 0 
3 3 2  0 
0 0  0 0  7 
8 2 I 4 
18 3 1  0 
1s 
0 0  I6 5 
0 0  0 2  8 
0 0  0 0  0 
8 0  0 6 12 
7 0  0 6 10 
Valley S t  a i n s  
H. m s c n t e r i c u s  
R. ni-vcoides 
F .  fhorcscens 
Racteriurn 
hGcobacter . . . . .  
(CaUCaSUSf . . . . .  21 
10 
9 
18 
16 
. . . . . .  . . . . .  . . . . . . .  
Notes:  1. Based on i n t e n s i t y  of g e l a t i n  l i que fac t ion ,  t he  cu l tu re s  a r e  
divided i n t o  (a) s t rongly  active -- l i q u i f y  gclnrii i  i n  10-20 hr, (b) 
moderately a c t i v e  -2 l i q u i f y  g e l a t i n  i n  1-2 days, (c) weakly a c t i v e  -- 
l i q u i f y  g e l a t i n  i n  3-5 days, (d) -- i n a c t i v e  -- do not l i q u i f y  g e l a t i n  
i n  5 days. 2. I n t e n s i t y  of s t a r c h  hydro lys is  w a s  determined from t h e  
s i z e  of t h e  region of starch l ique fac t ion  around the colony i n  t h e  
P e t r i  dish: (a) s t rong ly  a c t i v e  -- hydrolysis region 15-25 mm i n  rad ius ,  
(b) moderately a c t i v e  -- hydrolysis region 5-14 mm i n  r ad ius ,  (c) 
weakly a c t i v e  -- hydrolysis region 1-4 mm i n  rad ius ,  (d) i n a c t i v e  -- 
no s t a r c h  l i que fac t ion  region. 
Miiller (1928) determined t h e  same thing i n  willows (Salix rrlauca), whi le  
A.  L, v..- ----__ r - n i . c \  E ..... .i 
t h e  p o l a r  circle i s  more a c t i v e  than t h a t  i n  willows of the Moscow Oblast ,  and 
i n  the la t te r  i t  is  h igher  than i n  willows growing i n  T b i l i s i .  
A ~ u L 3 Q l l u ~  ~ G J W ~  LuUIlu that  the peroxidase i n  t h e  baric of Lhe wiiiow beyond 
S. Grebenskiy (1941, 1944) showed the h igher  a c t i v i t y  of t h e  oxidizing 
A s  one proceeds up the enzymes i n  p l a n t s  growing i n  high-mountain regions. 
mountain, t h e  oxidizing processes i n  p lan ts  rises; t h e r e  is  an inc rease  i n  
content of ascorb ic  ac id ,  sugars ( i n  b e e t s ) ,  a lka lo ids ,  e tc . ;  and t h e  a c t i v i t y  
of catalase and peroxidase grows l a r g e r ,  The same th ing  is a l s o  noted by 
A. L. Kursanov (1945) i n  studying t h e  peroxidases i n  willows growing a t  d i f f e -  
r e n t  he ights  on mountain tops.  
The a c t i v i t y  of enzymes i n  high-mountain p l a n t s  is ,  according t o  A .  L. 
Kursanov's observation, maintained f o r  some t i m e  a f t e r  they are t ranspor ted  
t o  o the r  (valley) regions. I 
I n  h igh-a l t i tude  microorganisms the increased a c t i v i t y  i s  not  kept  long 
when they are maintained under laboratory conditions.  Sometimes it f a l l s  even 
i n  t h e  f i r s t  t r ansp lan ta t ions  t o  t h e  level of a c t i v i t y  of t h e  v a l l e y  forms and 
even somewhat lower. 
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I n  t h e  l i g h t  of the  ind ica t ed  da ta ,  it may be assumed t h a t  t h e  nitrogen- 
f i x i n g  a c t i v i t y  is  l ikewise  more in t ense  on mountain tops than i n  va l leys .  
A l l  of t h i s  i n d i c a t e s  t h a t  on mountain tops t h e  i n h a b i t a n t s  of rocks -- 
f ree- l iv ing  microbes, b a c t e r i a ,  fungi, actinomycetes, algae,  and microbes 
symbiotically cohabiting wi th  l ichens  -- d i sp lay  considerably a c t i v i t y .  
are a powerful b i o l o g i c a l  f a c t o r  i n  t h e  transformations of rocks. 
They 
C onc l u s  i ons  
1. The rocks of mountain tops devoid of h igher  vege ta t ion  are overgrown 
wi th  l i chens  over s u b s t a n t i a l  areas. I n  add i t ion  t o  l ichens ,  the completely 
bare  rocks contain a l a r g e  number of f ree- l iv ing  microbes, b a c t e r i a ,  actinomy- 
cetes, fungi,  and a lgae  i n  a su r face  layer ,  t h e  so-called weathered "crust." 
2. I n  t h e  body of l i chens ,  and l ikewise i n  t h e  weathered c r u s t ,  t h e  
p r i n c i p a l  i nhab i t an t s  are b a c t e r i a .  
porogenous and c h i e f l y  t h e  so-called dwarf forms. 
which do no t  grow on full-valued m e d i a  and genera l ly  no t  on a r t i f i c i a l  media. 
The dominant forms among t h e m  are t h e  as- 
These are unique organisms 
3.  Among the  l i chen  microflora i n  t h e  weathered "crust" t h e  o l igoni t ro-  
phy l l s  and blue-green a lgae  acqui re  p a r t i c u l a r  importance as f i x e r s  of molecular 
nitrogen. 
4 .  A s  i nves t iga t ions  have demonstrated, a lgae  i n  p laces  where they 
accumulate en  masse may f i x  up t o  250 kg o f  n i t rogen  pe r  h e c t a r e  during t h e  
growing season (6 months). 
The m a s s  growth and aggregation of a lgae  is noted i n  many p laces  perman- 
e n t l y  o r  temporarily watered by g l ac i e r s ,  snows, and r a ins .  They occupy ex- 
t ens ive  regions on rocks and i n  t h e  ravines of mountainous regions,  and as n i t -  
rogen f i x e r s  can e x e r t  a real, p o s i t i v e  e f f e c t .  
5. 
1192 
Oligoni t rophyl l  b a c t e r i a ,  as research has shown, possess t h e  a b i l i t y  
There is  reason t o  be- 
t o  f i x  n i t rogen .  
condi t ions ,  bu t  i t  rises percept ib ly  i n  mixed cu l tures .  
lieve t h a t  i n  n a t u r a l  s u b s t r a t a  t h e  nitrogen-fixing a c t i v i t y  of o l igon i t rophy l l s  
proceeds more ene rge t i ca l ly .  
This capac i ty  is weakly expressed under labora tory  experimental 
6. Ol igoni t rophyl l s  are widely d i s t r i b u t e d  i n  nature.  There are many 
of t h e m  i n  t h e  body of l i chens  and i n  the weathered c r u s t .  There are par t icu-  
l a r l y  many of them i n  a lgae  aggregations. Their number is  counted i n  t h e  hund- 
reds  of thousands and mi l l i ons  pe r  Because of t h i s  abund- 
ance, they play a s i g n i f i c a n t  r o l e  i n  enrichening n a t u r a l  s u b s t r a t a  with n i t -  
rogen d e s p i t e  t h e i r  s m a l l  ni trogen-fixation ind ices .  
gram of substratum. 
7.. Specia l  s t u d i e s  have es tab l i shed  t h a t  t he  nitrogen-fixing a c t i v i t y  
of microbes (p r inc ipa l ly  of o l igon i t rophy l l s )  inhabi t ing  l i chens  and t h e  wea- 
thered  c r u s t  goes as high as 37-80 kg of n i t rogen  pe r  hectare of lichen-covered 
area i n  the growing period (6 months). 
, 
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8. I f  t he  f a c t  i s  taken i n t o  account that on mountain tops b io log ica l  pro- 
cesses  i n  general ,  and ni t rogen f i x a t i o n  i n  p a r t i c u l a r ,  t ake  a more a c t i v e  course 
than i n  t h e  va l leys ,  t h i s  whole region of bare  rock devoid of higher  p l an t s  i s  -- 
ir: must be assumed -- a zone ot molecular n i t rogen  f ixa t ion ,  from which the  n i t -  
rogenous compounds i n  one form o r  another are washed out by waters and ca r r i ed  
away i n t o  t h e  val leys .  
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